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The Rabi model describes the simplest interaction between a two-level system and a bosonic mode beyond the
rotating wave approximation. The antiresonant terms that result from this coherent interaction play an important
role. In this paper, we go beyond the rotating wave approximation even for the interaction with vacuum. This leads
to the ’incoherent’ antiresonant terms. Using the master equation which includes both coherent and incoherent
antiresonant terms, we numerically compute the mean photon number and show that these incoherent
antiresonant terms enhance the generation of mean photon number. Moreover we study numerically the effect of
the detuning and show that it also enhances the generation of photons. Finally, we generalize our result to two two-
level and two-mode systems. © 2021, The Author(s), under exclusive licence to Società Italiana di Fisica and
Springer-Verlag GmbH Germany, part of Springer Nature.
Funding text
This research is supported in part by Malaysia Higher Education Ministry Research Grant FRGS 17-024-0590. AM
would like to thank Prof Ficek Zbigniew for fruitful discussion.
Topic name
Qubits; Polaritons; Quantum Electrodynamics
Prominence percentile
94.271
Malaysia Higher Education Ministry Research FRGS 17-024-0590
PlumX Metrics
Usage, Captures, Mentions,
Social Media and Citations
beyond Scopus.
Metrics 
Cited by 0 documents
Inform me when this document
is cited in Scopus:
Related documents
,  ,
(2008) Physical Review A -
Atomic, Molecular, and Optical
Physics
(2015) Romanian Journal of
Physics
,  , 
(2017) Physical Review A
  
Find more related documents in
Scopus based on:
❓  ▻View all metrics

Set citation alert ▻
Rabi model beyond the rotating-
wave approximation: Generation
of photons from vacuum through
decoherence
 Werlang, T. Dodonov, A.V.
Duzzioni, E.I.








 Chen, Z. Wang, Y. Li, T.
View all related documents based
on references
 ▻Authors
Funding sponsor Funding number Acronym
 
 Search Sources Lists  ↗SciVal
Create account Sign in
View PDF
References (30)
Jaynes, E.T., Cummings, F.W. 
 
(1963) Proceedings of the IEEE, 51 (1), pp. 89-109.  . 
doi: 10.1109/PROC.1963.1664 
Rempe, G., Walther, H., Klein, N. 
 
(1987) Physical Review Letters, 58 (4), pp. 353-356.  . 
doi: 10.1103/PhysRevLett.58.353 
Weidinger, M., Varcoe, B.T.H., Heerlein, R., Walther, H. 
 (Open Access)
 
(1999) Physical Review Letters, 82 (19), pp. 3795-3798.  . 
doi: 10.1103/PhysRevLett.82.3795 




(2007) Physical Review A - Atomic, Molecular, and Optical Physics, 75 (3), art.
no. 032329.  . 
 
doi: 10.1103/PhysRevA.75.032329 
Blais, A., Huang, R.-S., Wallraff, A., Girvin, S.M., Schoelkopf, R.J. 
(Open Access)
 
(2004) Physical Review A - Atomic, Molecular, and Optical Physics, 69 (6), art.
no. 062320, pp. 062320-1-062320-14.  . 
 
doi: 10.1103/PhysRevA.69.062320 




(2004) Nature, 431 (7005), pp. 159-162.  . 
doi: 10.1038/nature02831 
 ▻View in search results format
 
    
All
Export  Print  E-mail  Save to PDF Create bibliography
1
Comparison of Quantum and Semiclassical Radiation





















Cavity quantum electrodynamics for superconducting










Wallraff, A., Schuster, D.I., Blais, A., Frunzio, L., Huang, R.-S., Majer,
J., Kumar, S., (...), Schoelkopf, R.J. 
 (Open Access)
 
(2004) Nature, 431 (7005), pp. 162-167.  . 
doi: 10.1038/nature02851 
























(1958) Physical Review, 112 (5), pp. 1555-1567.  . 
doi: 10.1103/PhysRev.112.1555 
Tavis, M., Cummings, F.W. 
 
(1968) Physical Review, 170 (2), pp. 379-384.  . 
doi: 10.1103/PhysRev.170.379 
7
Strong coupling of a single photon to a superconducting




Vacuum Rabi oscillations in a macroscopic superconducting






















Theory of the contribution of excitons to the complex








Frisk Kockum, A., Miranowicz, A., De Liberato, S., Savasta, S., Nori, F. 
 (Open Access)
 
(2019) Nature Reviews Physics, 1 (1), pp. 19-40.  . 
 
doi: 10.1038/s42254-018-0006-2 
Saito, K., Wubs, M., Kohler, S., Kayanuma, Y., Hänggi, P. 
 (Open Access)
 
(2007) Physical Review B - Condensed Matter and Materials
Physics, 75 (21), art. no. 214308.  . 
 
doi: 10.1103/PhysRevB.75.214308 
Wubs, M., Kohler, S., Hänggi, P. 
 
(2007) Physica E: Low-Dimensional Systems and Nanostructures, 40 (1), pp.
187-197.  . 
doi: 10.1016/j.physe.2007.05.014 
Emary, C., Brandes, T. 
 
(2003) Physical Review E - Statistical, Nonlinear, and Soft Matter
Physics, 67 (6 2), art. no. 066203, pp. 066203/1-066203/22.  . 
Zueco, D., Reuther, G.M., Kohler, S., Hänggi, P. 
 (Open Access)
 
(2009) Physical Review A - Atomic, Molecular, and Optical Physics, 80 (3), art.
no. 033846.  . 
 
doi: 10.1103/PhysRevA.80.033846 
Lupaşcu, A., Driessen, E.F.C., Roschier, L., Harmans, C.J.P.M., Mooij, J.E. 
 






















Chaos and the quantum phase transition in the Dicke model
Cited 379 times
18
Qubit-oscillator dynamics in the dispersive regime: Analytical







High-contrast dispersive readout of a superconducting flux







Garziano, L., Stassi, R., Macrì, V., Kockum, A.F., Savasta, S., Nori, F. 
 (Open Access)
 
(2015) Physical Review A - Atomic, Molecular, and Optical Physics, 92 (6), art.
no. 063830.  . 
 
doi: 10.1103/PhysRevA.92.063830 
Niemczyk, T., Deppe, F., Huebl, H., Menzel, E.P., Hocke, F., Schwarz,
M.J., Garcia-Ripoll, J.J., (...), Gross, R. 
 (Open Access)
 
(2010) Nature Physics, 6 (10), pp. 772-776.  . 
 
doi: 10.1038/nphys1730 
Ashhab, S., Nori, F. 
(Open Access)
 
(2010) Physical Review A - Atomic, Molecular, and Optical Physics, 81 (4), art.
no. 042311.  . 
 
doi: 10.1103/PhysRevA.81.042311 
Hines, A.P., Dawson, C.M., McKenzie, R.H., Milburn, G.J. 
(Open Access)
 
(2004) Physical Review A - Atomic, Molecular, and Optical Physics, 70 (2), art.
no. 022303, pp. 022303-1-0223011-2.  . 
 
doi: 10.1103/PhysRevA.70.022303 
Forn-Díaz, P., Lamata, L., Rico, E., Kono, J., Solano, E. 
(Open Access)
 
(2019) Reviews of Modern Physics, 91 (2), art. no. 025005.  . 
 
doi: 10.1103/RevModPhys.91.025005 
Garziano, L., Macrì, V., Stassi, R., Di Stefano, O., Nori, F., Savasta, S. 
(Open Access)
 

















Qubit-oscillator systems in the ultrastrong-coupling regime
























 1 of 1
Wang, X., Miranowicz, A., Li, H.-R., Nori, F. 
 (Open Access)
 
(2017) Physical Review A, 96 (6), art. no. 063820.  . 
 
doi: 10.1103/PhysRevA.96.063820 
Werlang, T., Dodonov, A.V., Duzzioni, E.I., Villas-Bôas, C.J.
(Open Access)
 
(2008) Physical Review A - Atomic, Molecular, and Optical Physics, 78 (5), art.
no. 053805.  . 
 
doi: 10.1103/PhysRevA.78.053805 
Munoz, C.S., Kockum, A.F., Miranowicz, A., Nori, F. 
(2019) Ultrastrong-Coupling Effects Induced by a Single Classical Drive in
Jaynes-Cummings-Type Systems. Arxiv Preprint Arxiv, 1910, p. 12875. 
 
Chen, Y.-H., Qin, W., Wang, X., Miranowicz, A., Nori, F.
 
(2021) Physical Review Letters, 126 (2), art. no. 023602.  . 
 
doi: 10.1103/PhysRevLett.126.023602 
Gardiner, C., Zoller, P. 
(2004) Quantum Noise: A Handbook of Markovian and Non-Markovian
Quantum Stochastic Methods with Applications to Quantum Optics. 
. 
Springer Series Synergetics, Springer, Berlin 
 
 Messikh, A.; Semiconductors Technology Research Center for Energetics, Algiers,
Algeria; email:   
© Copyright 2021 Elsevier B.V., All rights reserved.
26
Observing pure effects of counter-rotating terms without







Rabi model beyond the rotating-wave approximation:








Shortcuts to Adiabaticity for the Quantum Rabi Model:
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